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1. 提出并建立 CO2 激光直写加工玻璃芯片的技术，考察了激光功率、扫描
速率和烧蚀次数等加工参数对凹槽质量的影响。通过机械抛光消除了重铸
物凸起以及玻璃碎屑，经优化条件，可加工质量可靠的凹槽。凹槽截面呈
抛物线状，宽度为 80～200 µm，深度为 30～100 µm。
2. 建立 CO2激光加工 PMMA和 PDMS芯片的工艺，通过优化加工条件及机
械抛光等方法对重铸物和灰烬进行了消除。


















































As an essential part of Lab-on-a-Chip ( LOC ) technique, microfluidics devel-
oped rapidly since its appearance 15 years ago. It is an interdisciplinary technology
of physics, chemistry, biology, electronics, electronic-mechanics and so on, so partic-
ipants of more fileds are needed for farther development. Various active thoughts and
exploring alters rapidly, since LOC technique is still in its early days, so simple and
quick chip fabrication is of super importance. Threshold of research was reduced by
low requirement of cost and instruments, make more researchers entering this field.
Micrometers to hundred Micrometers, the characteristic dimension of microfluidic
chip functional units, is also the scale of active field for physical chemistry, especially
electrochemistry. Application of electrochemical method and tools is hence of most
importance to the work on microfluidics.
A series of techniques for electrochemical microfluidic chip were established in
the thesis, which include chip fabrication, electrode fabrication, chip bonding and so
on. Main work and results are as follow:
1. CO2 laser ablation method was proposed for glass chip fabrication. Factors influ-
enced channel quality were investigated. Recast and glass oddment were wiped
off by polishing. Reliable channels could be obtained by optimizing fabrication
parameters. Channel width varies from 80 to 200 µm, depth from 30 to 100 µm,
and the section presents parabola shape.
2. The method for the fabrication of PMMA and PDMS chip by CO2 laser ablation
was established. Recast and ashes were removed by polishing and optimizing
process parameters.
3. Integration technique for carbon and silver microelectrodes on PMMA chip was
established. Cyclic voltammetry experiment was carried out with bonded chip.
Parameters in the process such as electrode channel ablation, electrode coating,
baking and channel ablation were optimized. Leak after baking caused by elec-
trode shrinking was solved. In two-electrode system, electrode width is about
120 µm, and distance between work electrode and counter electrode is about 40
µm.
4. Carbon electrode was activated by CO2 laser. Parameters of fabrication and ac-
tivation that influences electrode performance was reviewed. Concentration dis-















mined by continuous scan cyclic voltammetry in an end-column electrochemical
detection system with activated carbon electrode as work electrode. Charging
current and solution potential drop was eliminated with a novel electrochemical
detector.
5. 100 electrodes on glass substrate was fabricated by photolithography and lift-off
technique. Length of electrodes are 5 mm, width and separations are 20 µm.
6. A method for fabricating electrode array by CO2 laser patterning and chemical
etching was proposed. Minimal electrode width and separations are about 100
µm and 300 µm. With integrated electrodes on chip, cyclic voltammetry and
flow injection analysis experiments were carried out.
7. A new bonding method for glass chip with integrated electrodes, so-called
”stamping” gluding, was proposed. Factors in the process which influencing
bonding quality were studied.























































硅[1, 5] 逐渐转移到玻璃[1, 6]，出现了以电渗为动力[1]的流体驱动手段以及微型化
的流动注射分析（Flow Injection Analysis, FIA）系统，在芯片上实现了毛细管














测技术包括光学检测[15, 16, 17, 18] （如荧光、化学发光、吸光、折光率[19]、热光透
镜、拉曼（Raman）[20]和目前使用最为广泛的激光诱导荧光（LIF）[21]等）、
质谱检测（Mass Spectrum, MS）[22]、电化学检测（Electrochemical Detection,










































蛋白质（如酶[46, 47]）[44, 46, 47, 48, 49]、DNA[25, 50]、神经递质（如多巴胺和儿茶
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